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AN ENZYME WITH LIPOLYTIC ACTIVITY
FIELD OF THE INVENTION

The present invention relates to an enzyme vmh lipo!ytic' ‘activity, a DNA

construct compnsmg a DNA sequence encoding the enzyme and a method of

5 producing the enzyme. The mvennon further relatas. mter alia, to enzyme_

e preparations, detergent additives and detergent composmons contammg the
" enzyme, and to the use of the enzyme for a number of industrial and domestic

applications.
BACKGROUND OF THE |NVEN110N.

10 Aithough numerous lipolytic enzymes {enzymes whlch catalyze the hydrolysas of
" lipids, such as tnglyceﬂdes) have been described and chafactonzed in the
l’teratura, there is an continumg need for providing novel lzpoiyuc anzymes
preferably in smgle—component form, having properties. whu:h improve their
usefulness in various industriat or domesuc applications, such as in detergent
15 compositions for laundry washing or dnshwashnng or_con\pps_mons for hard-
; surface cleaning. degreasing/defatting and the like. ' '

SUMMARY OF THE INVENTION

The present inventors. have now surprisingly suceee&ed in isbiating and
chatactermng a DNA sequence from a strain of Humlcola msolans. whuch_

20 sequence encodes an enzyme exh:bmng lipolytic activity, theteby makmg it
~ possible to prepare a smgle-component lipolytic enzyme. Lipolytic enzymes of the
invention have been found (vide infra) to possass propem&s which render them
very well suited to, inter alia, a number of apphcatlons of the above-mermoned
types.
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Accordmgly, ina ﬁrst aspect the mvennen reletes toa DNA construcl comprismg

a DNA sequence encoding an enzyme exhnbmng lipolytic activity, which DNA

sequence comprises

_ a) the DNA sequence shown in SEQ ID No. 1, and/or the DNA sequence encuding
5 a lipolytic enzyme, which is obtainable from the plasmid in Saccharomyces
cerevisise DSM 9975, or o

b) an analogue of the DNA sequence shown in SEQ ID No. 1, and/or of the DNA
sequence encoding a fipolytic enzyme, which is obtainable from the plasmid in _

Sacchasromyces cerevisise DSM 9975, which

-.10

15

25

i} is homologous wnh the DNA sequence shown in SEQ 1D No 1
and/or the DNA sequence encoding a lipolytic enzyme, which is
obtainable from the plasmid in _Secchemmyces cemws:ee,DSM
9975, andlor

i) hybridizes with the same oligonuclectide probe as the; DNA

sequence shown in SEQ ID No. 1, and/or the DNA seguence

. encoding a lipolytic enzyme, which is obtsinable from the plesmld

in Sacchsromyces cerevfsiee DOSM 9975, and/or

iii) encodes a polypeptide which is homologous with the polypepnde
encoded by a DNA sequencse compnsmg the DNA sequence shown
in SEQ ID No. 1 and/or by the DNA sequence encoding a Ingolytu:
enzyme, which is obtainable from the plasmid in Saccharomyces
cerevisise DSM 9975, and/or

) encodes s polypeptnde ‘which is immunologically reactive vhth an
amibody raised against a purified lipolytic enzyme which is encoded
by the DNA sequence shown in SEQ ID No. 1 and/or by the DNA
sequence encoding a lipolytic enzyme, which is obtamable from the
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plasmnd in Saccharomyces ceraws:ae DSM 9975 and/or whu:h is
denved from Hummla insolens DSM 1800.

It is believed that the DNA sequence shown in SEQ IDNO. 1is ldermca! to the

DNA sequence encodmg a lupoly_t_lc enzyme, whichis obtamable from the plesmld
.- 9in Saccha'romyces cerevisioe DSM 9975.

‘ The DNA sequence shown in SEQ ID ND 1 encodes the mature enzyme with its

= native signal peptide. Analogously. the amiino acid sequence shown in SEQ IDNO.
2 constitutes the mature enzyme {amino acids 36-246) with its sugnal peptide o
(emmo acids 1-35).

- 10 It is to be understood that whenever reference is made to "the DNA sequence
shown in SEQ ID NO 17 in connecuon wnh the enzyme or DNA construct of the
mvennon {e.g. as used in the above mons a) and b) i)-iv)), said sequence may’

_bethe. emna sequence shown in SEQ ID.NO 1, but is more preferably the the part
of the sequence which encodes the mature Iupolync enzyme. o

15 Correspondmglv. whenever reference is made to “the amino eeid' sequence _
: ~shown in SEQ ID NO 2° in connection with the enzyme or DNA construct of the-
) mvent:on. it is to be understood that said sequence may be the entire sequence o
-..shown in SEQ ID NO 2, but is more preferably the part of the sequence
.oonstmmng the mature hpoly'nc enzyme {i.e. amino acld residues 36—246)

: 20 In the present context, the "analogue” of the DNA sequence shown in SED iD
No. 1 is intended to indicate any DNA sequence which encodes an em!yme
exhibitmg lipolytic activity, and which has one or more, or all, of the properties -
i>-iv). Such an analogous DNA sequence may

e - be isolated from another or reimd {e.g. the same) organism produciné the
25 enzyme with lipolytic. actmty on the basis of the DNA sequence shown in: SEQ
ID No. 1 or a suitable subsequence {such as 20-500 bp) thereof, e. 9. ‘using the
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procedures described herein, and thus, e.g., be an allelic or species veriant ofthe . - -

DNA sequence comprising the DNA sequence shown here_in, or

- be constructed on the basis of the DNA sequence shown in SEQ ID No. 1 e.g.

by introduction of nucleotide substitutions which do not gwe nsa to anolher
5 ammo acid sequence of the lnpolvtlc enzyme encoded by the DNA sequence, but
which correspond to the codon usage of the host orgamsm intended for

production of the enzyme, of by introduction of nucleonde subsm.\mans whlch

may give rise to & diffetem amino acid saquence. However, in the latter case
amino acid changes are preferably of a minor nature, i.e. conservatwe ammo acid
10 substitutions that do not sngmﬁcanﬂy affect the folding or acnvuty of tho pfotam.

small deletions, typacally of from 6ne to about 30 amino acids; small ammo- or

carboxyl-termmal axtensrons, such as an amino-terminal methionine resadue. '

small linker peptide of up to about 20-25 residues, or a small extension 'that Co

‘ tacilitates punﬁcanon, such as a poly-hlsudme tract, an antigenic op:tnpo ora
15 binding domain. See in general Ford et al., mnhwmn 2:
95-107, 1991. Examples of conservative substitutions are substitutions within

' the group of basic amino acids (such as arginine, lysine, histidine), acidic amino
acids (such as glutamic acid and aspartic acid), polar amino acids (such as
glutamine and asparagine), hydrophobic amino acids (such as leucine, isoleucine,

20 valine), aromatic amino acids (such as phenylalanine, tryptophan, tyrosine) and

small amino acids (such as glycine, alanine, serine, threonine, mathionine),

it will be apparent to persons skilled in the art that such subsmutlons can be

made outside the regions critical to the function of the molecule and still rasult
in. an active polypepude. Amino acids essential 10 the activity of the polypepuda
.25 encoded by the DNA construct of the invention, and tharefore prafarably not

subject to substitution, m may be identified according to procedures known in the
arnt, such as site-directed mutagenesis or alanme-scanmng mutagepesas
(Cunningham and Wells, Science 244, 1081-1085, 1989). in the . latter

technique mutations are introduced at every residue in the motecule, imil the

30 resultant mutant molecules are tested for biological (i.e. lipolytic) activity to
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' udemily amino acid residues that are critical to the activity of the molecule. Sites
of substrate-enzyme interaction can also be determined by analysis of ctyml
structure as dotermmed by such tochmques as nuclear magnetic resonance,

- crystallography or photoaffinity labeling. See, for example, de Vosetal., _SQ_QM‘&

5 255 306-312, 1992; Smith et al., J. Mol. Biol. 224: 898-504, 1992; Wiodaver
etal., FEBS {ett. 3_03_ 59-64, 1992.

The homology refonod 1o in i) above is detormmod as the degree of |dontitv
-betwoon the two sequences indicating a derivation of the first sequence from the
' second The homology may sultably bo detemuned by means of computer
10 programs known in the art such as GAP provided in the GCG progrem package
. (Needleman. S.B. and Wunsch, C.D., Journal of Moleculsr Biology. __8_ 443-453,
- 1970). Usang GAP with the followmg settings for DNA sequence comparison:
GAP creation penatty of 5.0 and GAP sxtension ponalty of 0.3, the coding region
of the DNA seguence exhibits a degree of identity preferably of at lsast 405,
A 15 more preferably at least 50%, more preferably at least 60%, more preferably at
"jeast 70%, even more preferably at least 80%, especially at least 90% with the
-coding reglon of the DNA sequence shown in SEQ ID No.1 or the DNA sequence
encoding ° llpolytn: enzyme, which is  obtainable from the plasmid in
.. Seccharomyces cerevisige DSM 9975. '

20 The hybnd:zauon toferred to inil) above is intended to indicate that the analogous
DNA soquenco hybndnzes to the same probe as the DNA sequence encodmg the -
llpolybc enzyme under certain specified conditions which are described m detml
in the Matenals and Methods section heremaftet. Normally, the analogous DNA
sequence is highly homologous to the DNA sequence, such as at least 70%'

- 25 homologous to the sequence shown in SEQ ID No. 1 encoding a lipclytic enzyme .

of the invention, such as at least 75%, at least 80%, at least 85%, at least 90%

"or even at least 95% homologous to the DNA sequence shown in SEQID Nq 1. A

The degree of homology referred to in iii) above is determined as the deglea of
identity between the two sequences indicating a derivation of the flrst sequence
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from the second. The homology may suitebly be determined. by means of
computer programs known in the art such as GAP provided in the GCG program
package (Needleman, S.B. and Wunsch, C.D., Joumna/ of Molecular Biology. 48:
443-453, 1970). Using GAP with the following settings for polypeptide sequence
5 companson' GAP creation ponalty of 3.0 and GAP extension penalty of 0.1, the

polypeptide encoded by an analogous DNA sequence exhibits a degree of identity.
preferably of at least 70%, more preferably at least 80%, especially at least
90%, with the enzyme encoded by a DNA construct comprising the DNA
sequence shown in SEQ ID No.1 or the DNA sequence encoding a lipolytic ‘

10 enzyme, which is obtainable fromfhe plasmid in Saccharomyces cerevisiae DSM
9975, the amino acid sequence of which enzyme is shown in SEQ 1D No. 2.

The term “derived from® in connection with property iv) above is intended inot - -
only to indicate a lipolytic enzyme produced by H. insolens strain DSM 1800, but
also a lipolytic enzyme encoded by a DNA sequence isolated from strain DSM

15 1800 and produced in a host organism transformed with said DNA ssquence. The

immunological reactivity may be determined by the method dmnbed in the
" Materials and Methods sect:on below.

In. further awects, the invennon relates to an expreslon vector halbounng a DNA J
construct of the invention, a cell comprising the DNA construct or oxpresnon

20 vector, and a method of producing an enzyme exhibiting ﬁpolync activity, which
method comprises culturing said cel under conditions permitting the production
of the enzyme, aﬁd recovering the enzyme from the culture. A

In a still further aspect the invention relates to an enzyme exhibiting lipqutié
" activity, which enzyme '

.25 a) is encoded by a DNA construct of the invention, and/or
b) is produced by the method of the invention, and/or . .
c) is immunologically reactive with an antibody raised against a purified Iipolyuc -
enzyme which is encoded by the DNA sequence shown in SEQ ID No. 1 and/or
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by the DNA sequence encoding a lipolytic enzyme, which is obtainable from the
plasmid in Saccharomyces cerevisiae DSM 9975, and/or which is derived from
Humicola insolens DSM 1800.

In a still further aspect, the presont invention relates to a detergent additive or a

5 detergent composition comprising an enzyme of the mvennon
' - DETAILED DESCRIPTION OF THE INVENTION

The DNA sequence of the invention encoding-an enzyme exhibiting lipolytic
activity may be isolated by a general method involving
- cloning, in suitable vectors, a DNA librery from H. insolens,
: 10» - transformmg suitable yeast host celis with said vectors,
I culturing the host cells under suitable conditions to express any
enzyme of interest encoded by a clone in the DNA library,
- . ) vscteening for positive clones by determining any ipolytic activity of
the enzyme produced by such clones, and
15 - isolating the enzyme-encoding DNA from such clones.

* " The general method is further disclosed in WO 94/14353. A more detalled.
' ' " description of the screening method is given in Example 1 below. :

The DNA sequence coding for the enzyme may, for instance, be isolated; by -

screening a cDNA library of H. insolens. e.q. strain DSM 1800 publicly ava:labla
20 from DSM (Deutsche Sammiung von Mukroorgamsmen und Zellkultulen,

Mascheroder Weg 1b, D-38124 Braunschweig, Germany) and selecting for clones

expressmg the appropriate enzyme activity {i.e. lipolytic activity), or isolated from

Saccharomyces cerevisise DSM 9975 deposited under the Budapest Treaty on

11 May 1985, at-DSM. The appropriate DNA sequence may then be tsolated h
25 from the clone by standard procedures, e.g. as described in Example 1. |
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h is expected that a DNA sequence coding for a hpmobgddﬁ onzyma, i.e. &an

analogous DNA sequence, is obtainable from other microorganisms. For instance,

the DNA sequence may be derived by similarly screening § cDNA library of
another microorganism, in particular a fungus, especially a fungus from the order

% Sordariales, such as a strain of a Thie/avia sp., in particular 7.. terresﬁis. a strein
of @ Chaetomium sp., in particular C. elstum or C. globosum, a strain of a
Gelasinospora sp., in particular G. cereslis, a strain of a Neurospora sp., in
‘particular N. crassa, a strain of 8 Podospora sp., in parhcular P anserina, a strain

of a Sordaria sp., in parucular S fimicola or S. macmspom, or a strain of anoﬁ\er

10 Humicola sp.. Other fungs of interest include strains of Aspergﬂus 8p., sueh as
A. aculeatus or A. niger, strains of Trichoderma sp., such as 7. harznnum, 7.

reeseii, T. viride, T. IonQibrachiatum or T. koningii, or strains of Fusarium 'sp...

such as F. oxysporum.

Alternatively, the DNA coding for a lipolytic enzyme of the invention may, in
1. 5 accordance with well-known procedures, conveniently be isolated from DNA ﬁom
a suitable source, such as any of the above mentioned organisms, by use of
synthetic oligonucleotide probes prepared on the basis of a DNA 'éoqua_ncc
disclosed herein. For instance, a suitable.cligonucleotide prébe may be prepsred
on the basis of the DNA sequence shown in SEQ ID No. 1 or the amino cid
20 sequence shown in SEQ ID No. 2, or any suitable :subsequence of any of thess

sequences.

The DNA sequence may subsequently be inserted into a recombmam expression

vector. This may be any vector which may conveniently be subjected to
recombinant DNA procedures, and the choice of vector will often depend on the
25hostcellmtowhlch it is to be introduced. Thus,thavectormayboan
autonomous!y rephcating vector, i.e. a vector which exists as. an
extrachromosomal entity, the replication of whichis mdependentof chromostal
repl:catnon e.g. a plasmid. Almahvely the vector may be one which, Whan

introduced into a host cell, is integrated into the host cell genome and rephchted.

30 together with the chromosomel(s) into which it has been integrated.
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In the vector, the DNA sequence encoding the lipolytic 4:enzyme should be
operably connected to a suitable promoter and terminator sequence. The
prorhoter may be any DNA sequence which shows transcriptional activity in the
host cell of choice and may be derived from genes encoding proteins either
5 homologous or heterologous to the host cell. The procedures used to. ligate the
DNA sequences coding for the fipolytic enzyme the promoter and the terminator,
respectively, and to insert them into suitable vectors are well known 10 persons -

‘ - skilled in the art (cf., for instance, Sambrook et al., Molecular Cloning, A
® " Laboratory Manual, Cold Spring Herbor, NY, 1989):

10 The host cell which is transformed with the DNA seguence encoding the enzyme
. of the invention is preferably a eukary'otic cell, in particular a fungal cell'rsuch:as

.4 a yeast or filamentous fungal cell. In particular, the cell may belong to a species

- of Asperglllus, most preferably A. oryzaa or A. niger. Aternatively, the cell may
belong to a species of Trichoderma, such as 7. reeseii, or a species of Fusarium,

15 such as F. oxysporum ot F. gramineéhlm. Fungal cells may be transformed by a
process involving proioplast formation and transformation of the protoplasts follo-

' wed by regeneration of the cell wallina manner known pet se. The use of Asper-
gillus as a host mlcroorgamsm is described in EP O 238 023 (Novo Nordisk A’S).
The host cell may also be a yeast cell, e.g. a strain of Sacchammyces, in

20 pamcular Saccheromyces cerevisise, ‘Saccharomyces kluyvesi orSacdvaromyces -
uvamm. a strain ot Schizosaccharomyces sp-., such as Schizosaccharomyces
pombe, or a strain of Hansenula sp.. Pichia sp., Yarrowia sp., such as Yarrowis
Ilpolyr:ca. or Kluyveromyces sp., such as Kluyveromyces lactis.

In a still further aspect, the present ir;;rention relates to a method of pmducmg
25 an enzyme according to the invention, wherein a suitable host cell transformed
with a DNA sequence encoding the éenzyme is cultured under - condltions
permitting the production of the enzyme, and the resulting enzyme is recoveted '
jfrom the culture.
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The medium used to culture the transformed host cells may.be. :aﬁvvconvenﬁma.l o

medium suitable for growing the host cells in question. The expressed Iipulync n

enzyme may conveniently be secreted into the culture medium and may be re-
covered therefrom by well-known procedures including separating the cellﬁ from
the medium by centrifugation or filtration, precipitating protoinééeous com-
ponents of the medium by means of a salt such as ammonium sulphate, folléwed
by chromatographic procedures such as ion exchange chromatography, affinity
chromatography, or the like. - :

The en ) inv

The enzyme of the inve'rition is one which is encoded by the DNA construct of
the invention. '

A preferred enzyme of the invention may also be characterized by having qne or
mora of the following characteristics: ' P

- it has a molecular weight of about 20-21 kDa

- it has a pl in the range of 7-9, suchasahoutB

-ithas a pH optimum in the range of about 6—10 such 8s in the range oi 7-9
e.g. about 8 ' ’ :

- it has specificity, or at least exh‘blts greatest lipolytic activity, towards short—

chain lipid substrates.

The enzyme of the invention is preferably obtainable from a strain of Humrcola

such as a strain of H, insolens or from a strain of any of the various organisms
mentioned as suitable sources of a DNA sequence encoding a homologous
enzyme. : -

Deter . -
According to the invention, the lipolytic enzyme of the invention may typicl;lly be

a component of a detergent composition (e.g. a deterggnt 'combosiﬁon for
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1"

laundry or textile washing). As such, it may be included in the detergent composi-
~ tion in the form of a non-dusting granulate, a stabilized liquid, or a protected
enzyme. Non-dusting granulates mey be produced, e.g.. as disclosed in us
4,106,991 and 4,661, 452 (both to Novo Industri A/S) and may opnonally be
5 coated by methods known in the art. Examples of waxy coatmg materials are
poly(ethylene oxide) products {polyethyleneglycol, | PEG) with mean molar weights

of 1000 to 20000, ethoxylated nonyiphenols having from 16 to SO ethylene A
oxide umts, ethoxytlated fatty alcohols in which the alcohol contains from 12 lo

. 20 carbon atoms and in which there are 15 to 80 ethylene oxide units; fatty
'.1-0 alcohols; fatty acids; and mono- and di- and triglycerides of fatty acids. Examples
of film-forming coating materials suuable for application by fluid bed techniques
are given in patent GB 1483591. anmd enzyme preparations may, for instance,
"be stabilized by adding a polyol such as propylene glycol, a sugar or sugar
alcohol, lactic acid or bori¢ acid accotdmg to established methods Other enzyme

15 stabilizers are well known in the art. Protected enzymes may be prepared acoor-'

ding to the method disclosed in EP 238, 216.

“The detergent composition of the invention imay be in any convenient form, e,g.
as powder, granules. pasteor liquid. A liquid detergent may be aqueous, tvpu:ally
containing up to 20% water and 0-30% organic solvent, or nonaqueous. '

' 20 The detergent coméosiﬁon comprises one or more surfactants, each of which
may be enionic, nonionic, cationic, of zwitterionic. The detergent will usually .
contain 0-50% of anionic surfactant such as linear alkylbenzenesuﬁonata (LAS),
alpha-olefinsuifonate (AOS), alkyl sulfate (fatty alcoho! sulfate) (AS), alcohol
ethoxysulfste (AEOS or AES), secondary alkanesulfonates {SAS), alpha-sulfo’

25 fatty acid methyl esters, alkyl- or alkenylsuccinic acid, or soap. it may also
contain 0-40% of nonionic surfactant such as alcohol ethoxylate (AEO or AE),
carboxylated aicohol ethoxylates, nonyiphenol ethoxylate, alkylpolyglyoosqde
a!kyldlmethylamme oxide, ethoxylated fatty .acid monoethanolamide, fatty dcnd
monoemanolamnde. or polyhydroxy alkyl fatty acld amide fe.g. &8s dwcnbed in

30 WO 92/06154).
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The detergent composition may additionally comprise one or mbr_é other enzymes,

“such as enother lipolytic enzyme (lipase), an amylase, a cutinase, a proteaée, 8
cellulase, a peroxidase, or an oxidase, e.g. a laccase. S

‘The detergent may comam 1-65% of a detergent builder or complexmg agent.

5 such as zeollte, dlphosphate triphosphate, phosphonate, citrate, nitrilotriacetic
acid (NTA), ethylonednammetetraacebc acid (EDTA), diethylenetriaminepentaace-
tic acid (DTMPA), alkyl- or alkenylsuccinic acid, soluble silicates or layered
silicates (e.g. SKS-6 from Hoechst). The detergent may also be unbuilt, i.e.

essentially free of detergent builder.

10 The detergent may domprise one or more polymers. Examples are
cérboxymethylcéllulose (CMC), poly{vinylpyrrolidone) (PVP), polyethyleneglycol
{PEG), poly(vinyl alcohol) {(PVA), polycarboxylates such as polyacrylatss, ma-
leic/acrylic acid copolymers and lauryl methacrylate/acrylic acid copolymers.

The detergent may contain a bleaching system which may compnse a H,0,
15 source such as perboraté or percarbonate which may be combined with a
peracid-forming bleach activator such as tetreacetylethylenediamine (TAED) or
nonanoyloxybenzenesulfonats (NOBS). Altematively, the bleaching system may
comprise peroxyacids of, e.g., the amide, imida, or sulfone type. . '

The enzymes of the detergent composition of the invention may be stabilized

20 using conventnonal stabilizing agents, e.g. a polyol such as propvlene glycol or
glycerol, a sugar or sugar alcohol, lactic acid, boric acid, or a boric acid derivative
such as, e.g., an aromatic borate ester, and the composition may be formulated
as described in, e.g., WO 92/19709 and WO 92/19708. ‘

Y . .
The detergent may also contain other conventional detergent ingredients such as,

. 25 e.g., fabric conditioners including clays, foarn boosters, suds suppressors, anti-

corrosion agents, soil-suspending agents, enti-soil-redeposition agents.' dyes,
bactericides, optical brighteners, or perfume.
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The pH (meesured in aqueous solution at use

neutral or alkaline, e.g. in the range of 7-11.

PCT/DKY500427

concentration) will usually be

Particular forms of detergent compositions within the scope of the invention

include:

_5 1A deiergem composition formulated as 8 gra
. etleast 800 oht comprising

nulate having a bulk density olv

Linear alkylbenzenesulfonate {calculated as 7 - 12%
acid) '
Alcohol ethoxysulfate (e.g. Ci21s
10 alcohol, 1-2 EO) or alkyl sultate {e.g. Cysre) 1 - 4%
Alcohol ethoxylate (e.g- Cieas alcohol, 7 EO)
' ) o 5 - 9%
Sodium carbonate (as Na,COs) 14 - 20%
Soluble silicate (as N8,0,25i0,) 2 - 6% l
Zeolite (8s NaAISiO,) ' 15 - 22%
" 15 | Sodium sulfate (as Na,SO,) 0 - 6%
Sodium citraté/citric acid _
‘Sodiumn perborate (as NaBO3.H;0) 11 - 18% N
- | TAED 2 - 6% ' i
20 | Carboxymethyiceliulose "0 - 2% :
Polymers (e.g. maleic/acrylic acid copotymer,
PVP, PEG) ) 0 - 3%
Enzymes (calculated as pure enzyme 0.0001 - 0.1%
protein)
25 | Minor ingredients (e.g. suds Suppressors,
perfume, optical brightener, photobleach) 0 - 5%
—
suUBSTITUTE SHEET
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2) A detergent composﬁion formuléted as 8 branulm havirié a Sul'k density of

at least 600 g/l comprising

[Linear alkylbenzehesutfonate {calculated as
acid) 6-11%
5 P Alcohol ethoxysutfate (e.g. Cyz.40 .
alcohol, 1-2 EO or alkyl sulfate (e.g. Cye.1e) 1- 3%
Alcohol ethoxylate {e.g. C, . aicohol, ' o
7 EO) i 5- 9%
Sodium carbonate (as Na,CO,) 15 -21% .‘
10 | Soluble silicate {as Na,0,2Si0,) - 1- 4% - '
Zeolite (as NaA1SiO,) 24 - 34%
Sodium sulfate {as Na,S0,) 4-10% -
Sodium citrate/citric acid B
‘as C.HgNa:,O,/CQH.O-,) o - 15%
15 | Carboxymethylcellulose 0- 2%
Polymers (e.g. maleic/acrylic acid copolymer,
PVP, PEG) 1- 6% -
Enzymes (caiculated as pure enzyme 0.0001 - 0.1%
protein) ' : ' ‘
20 | Minor ingredients {e.g. suds suppressors, i ¢ 5%
perfume) - .
!
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3) A detergent composition formulated as a granulate having a bulk density of
at least 600 g/l comprising )

‘Linear alkylbenzenesulfonate (calculated as 5 - 9%
acid) _
5 | Alcohol ethoxylate (e.g. Cya.4s alcohol, 7 EO)
' 1 7 -14%
v Soap as fatty acid (e.9. Cie2 fatty acid) - 1 - 3%
Sodium carbonate {as Na,CO,) - 10 -17%
.| soluble siticate (as Na,0,2Si0;) _ 3 - 9%
Zeolite (as NaAlSiO,) 23 -33%
10 | sodium sulfate (as Na,S04) o - |
Sodium perborate (as NaBO,.H,0) 8 -16%
o TAED ‘ ' ' 2 -
, Phosphonate (s.g. EDTMPA) o -
: Carboxymsthyicellulose o -
15 | Polymers {e.g. malenclacrybc acid copolymer,
| PVP, PEG). 0 -
Enzymes {calculated as pure enzyme B 0.0001 - 0.1%
protein) :
Minor mgrednents {e.g. suds suppressofs,
20 } perfume, optical brightener) .1 0 -
SUBSTITUTE SHEET
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4) A detergent composition formulated as a granulate having a bulk densrty of

at least 600 g/l comprising

Linear alkylbenzenesulfonate 8 -12%
{calculated as acid) ‘
5 § Alcohol ethoxylate : :
(e.g. C,,.45 alcohol, 7 EO) 10 - 25%
l Sodium carbonate (as Na,CO,) 14 - 22%
| Soluble silicate {as Na,0,2Si0,) 1 - 5%
| zeolite (as NaAISIO,) 25 -35%
10 I Sodium sulfate (as Na,SO,) o - 10% -
‘Carboxymethylcellulose 0 - 2%
Polymers (e.g. maleic/acrylic acid copolymer,
PVP, PEG) 1 - 3%
Enzymes 0.0007 - 0.1%
15 | (calculated as pure enzyme protein) ,
Minor ingredients : _ 0 - 5%
{e.g. suds suppressors, perfume) :
SUBSTITUTE SHEET
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5) An aqueous liquid detergent composition compnising
Linear alkylbenzenesuifonate (calculsted as 15 -21%
acid) :

Alcohol ethoxylate (e.g. C,;.,, alcohol,

7 EO or C,,.4s 8lcohol, 5 EO) 12 -18%
Soap as fatty acid (e.g. oleic acid) -3 - 13%
Alkenylsuccinic acid (Cyz14) 0 -13%

1 Aminoethanol 8 -18%
Citric acid 2 - 8%
Phosphonate -0 - 3%
Polymers (e.g. PVP, PEG) . 0 - 3%
Borate (as B,O,) 0o - 2%
Ethano!l o -3%
Propylene glycol _ 8 -14%
Enzymes (calculated as pure enzyme 0.0001 - 0.1%

| protein) A :

| Minor ingredients (é;g. dispersants, suds ,
'} suppressors, perfume, optical brightener) 4] - 5%
SsUBSTITUTE SHEET
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6) An aqueous structured liquid detergent composition compriéing

Linear alkylbénzenesulfonate {caiculated as

15

acid) -21%
Alcohol ethoxylate
5 | (e.g. C,;.4 alcohol, 7 EO, or 3 - 9%
C,a.15 8icohol, 5 EO) A :
Soap as fatty acid (e.g. oleic acid) 3 - 10%
| Zeolite {as NaAISiIO,) 14 -22%
X Potassium citrate 9 -18% . .‘
.10 ] Borate (as B,0,) ° 0 - 2% '
Carboxymethylcellulose 0 - 2%
Polymers (e.g. PEG, PVP) 0O - 3%
Anchoring polymers such as, e.g.. lauryl
methacrylate/acrylic acid copolymer; motar 0 - 3%
15 | ratio 25:1; MW 3800
- | cycerat 0 - 5%
l Enzymes (calculated as pure enzyme pro- 0.0001 - 0.1%
18in) : .

Minor ingredients (e.g- dispersants, suds
20 | suppressors, perfume, optical brighteners)

o

5%
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7) A detergent composition formulated as a granulate having a bulk density of at
least 600 g/l comprising

Fatty sicohol sulfate

- 10%

- 9%

'Ethoxylated fatty acid monoethanolamide

Soap as fatty acid

- 3%

Sodium carbonate {as Na,CO;)

Soluble silicate (as Na,0,2Si0,)

- 4% -

Zeolite (as NaAISIO,)

- 40% . -

Sodium suifate (as Na,SO,)

5
3
0
5 -10%
1
20
2

- 8%

Sodium perborate {as NaBO,.H,0) . 12 - 18%
TAED 2 - 7%
Potymers (e.g. maleaclacrylic acid copolymer 1 - 5%

PEG)

Enzymes (calculate& as pure enzyme
protein)

0.0001 - 0.1%

Minor ingredients (e.g. optical bﬂghtener, suds

suppressors, perfume)

GUBSTITUTE SHEET
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8) A deiergent_ composition formulated as a 'gtanulate comprising

Linear alkylbenzenesuifonate (calculated as - m
acid) 8 -14% j
Ethoxylated fatty acid monoethanolamide 5 -11%
5 | Soap as fatty acid 0 -3%
Sodium carbonate (as Na,CO,) 4 -10%
Soluble silicate (as Na,0,2Si0,) 1 - 4%
Zeolite {as NaAISiO,) _ 30 -50% .‘
Sodium sulfate (as Na,SO,) 3 -11% |
10 | Sodium citrate (as CoH.Na,0,) 5 -12% |
Polymers (e.g. PVP, maleic/acrylic acid 1 - 5%
} copolymer, PEG) :
Enzymes (calculated as pure enzyme 0.0001 - 0.1%
protein) '
" 15 | Minor ingredients (e.g. suds suppressors, (o] - 5%
. perfume)
SUBSTITUTE SHE_ET
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9) A detergent composition formulated as a granulate comprising

F Linear alkylbenzenesutfonate (calculated as :
| acid) : 6 -12%
Nonionic surfactant - 4% .
5 § Soap as fatty acid 2 - 6%
Sodium carbonate (as Na,CO,) .14 -22%
,‘ - Zeolite (es NaA15i0,) 18 -32%
| sodium suttate (as Na,S0,) 5 -20%
Sodium citrate {as C;H.Na,0,) 3 - 8%
10 | Sodium perborate (as NaBO,.H,0) 4 - 9%
" | Bleach activator (e.g. NOBS or TAED) 1 - 5%
Carboxymethylcellulose ’ o - 2%
Polymers (e.g. polycarboxyiste or PEG) 1 - 5%
Enzymes (calculated as pure enzyme 0.0001 - 0.1%
15 | protein)
| Minor ingredients (e.g. optical brightener, o - 5%
perfume) ’
SURSTITUTE SHEET
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10} An squeous liquid detergent composition comprising .
I Linear alkylbenzenesulfonate (calculated as :
acid) 15 - 23%
l Alcohol ethoxysulfate (e.g. Cyz45 '
5§ alcohol, 2-3 EO) 8 -15% .
l Alcohol ethoxylate (e.g. C,,.,s alcohol, 7 B
EO, or C,,.4¢ alcohol, 5 EO) 3 - 9%
l Soap as fatty acid (e.g. lauric acid) ¢ - 3%
Aminoethanol 1 - 5% ° ®
10 § Sodium citrate A 5 -10% -
Hydrotrope {e.g. sodium toluensulfonate) 2 - 6% A
Borate (as B,O,) | 0 - 2%
Carboxymethylcellulose 0. - 1%
| Ethanol ' 1 - 3%
15 | Propylene glycol 2 - 5%
Enzymes (calculated as pure enzyme pro- 0.0001 - 0.1%
tein) 4 : ‘
Minor ingredients (e.g. polymers, . .
dispersants, perfume, optical brighteners) 0 - §% - : : _
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11) An aqueous liquid detergent composition comprising

Linear alkylbenzénesulfonate {calculated as
acid) : . -20 -32%
Alcohol ethoxylate (e.g. Cy3.45 8lcohol,
5 | 7 EO, or C,a.4s 8icohol, 5 EO) 6 -12%
Aminoethanol 2 - 6%
| ciuic acid 8 -14%
Borate (as B,O,) 1 - 3% .
Polymer {e.g. maleic/acrylic acid copolymer, :
10 | anchoring polymer such as, e.g., jauryl .
methacrylate/acrylic acid copolymer) 0 - 3%
Glycerol 3 - 8% |
Enzymes (calculated as pure enzyme 0.0001 - 0.1% r :
protein) ' '
15 I Minor ingredients (e.g. hydrotropes,
dispersants, perfume, optical brightaners) 0 - 5%
sSUBSTITUTE SHEET
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12) A detergent composmon formulated as a granulate having a bulk densny of
at least 600 g/t comprising

Anionic surfactant (linear alkylbenzene-
sulfonate, alky! sulfate, alpha-olefinsuifonate, T
5 | alpha-sulfo fatty acid methyl esters, . 25 - 40%
slkanesulfonates, soap) '
Nonionic surfactant (e.g. alcohol 1 -10% .
ethoxylate) . ‘
Sodium carbonate (as Na,CO,) ' B  -25% N
10 | Soluble silicates (as Na,0, 25i0,) 5 -15% '
Sodium suifate {as Na,S0,) 0 - 5%
Zeolite (as NaA1Si0) 15 -28%
Sodium perborate (as NaBO,.4H,0) 0 -20%
Bleach activator (TAED or NOBS) 0 -5%
15 | Enzymes (calculated as pure enzyme 0.0001 - 0.1%
protein) .
Minor mgteduents (e.g. perfume, optical o - 3%
brighteners)
SUBSTITUTE SH EET
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13) Detergent formulations as 'described in 1) - 12) wherein all or part of the
inear alkylbenzenesulfonate is replaced by {C,5-C,s) alkyl sulfata.

'14) A detergent composition formulated as a gtanulafe having a buik density of

at least 600 g/l comprising

5 | (C,,-C,s) alkyl sulfate 9 -15%
Alcohol ethoxylats 3 - 6%
Polyhydroxy alkyl fatty acid amide 1 - 5%
Zeolite (as NaAlSIO,) 10 -20%
Layered disilicate (e.g. SK56 from Hoechst)

10 -20%

10 | Sodium carbonate (as Na,CO3) 3 -12%
Soluble silicate (as N8,0,2Si0,)’ 0O - 6%
Sodium citrate a - 8%

1 Sodium percarbonats 13 -22%
| 7aeD ] _ _ 3 - 8%
15 | Polymers te.g. polycarboxylates and PVP= 0 -5%

0.0001 - 0.1%

| Enzymes (c;iéblgted 8s pure enzyme

protein)
1 Minor ingredients (e.g. optical brightener,

—-- | photo bleach, perfume, suds SuUppressors)
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15) A detergent composition formulated as a granulate having a bulk densit§ of

at least. 600 g/l comprising

I (C,2-C,o) alky! sulfate 4 -8% I
Alcohol ethoxylate - 1 - 15%

5§ Soap ; 1 - 4% ) .
Zeolite MAP or zeolite A '35 - 45% N
Sodium carbonate (as Na,CO,) 2 - 8% J
Soluble silicate {as Na,0,2Si0,) 0 - 4% .

Sodium percarbonate 13 -22%
10| TAED ' 1 - 8%
F:arboxymothyl cellulose o - 3%
Polymers {e.g. polycarboxylates and PVP) 0 - 3%
Enzymes (calculated as pure enzyme 0.0001 - 0.1%
protein) BRI
15 ] Minor ingredients (e.g. optical brightener, 0O - 3%

phosphonate, perfume)

i

16) Detergent formulations as described in 1) - 15) which contain a stabilized or
encapsulated peracid, either as an additional component or as a;substituta for

already specified bleach systems.

20 17) Detergent compositions as described in 1), 3), 7). 9) and 12) wherein

perborate is replaced by percarbonate.

18) Detergent compositions as described in 1), 3), 7), 9), 12}, 14) and 15) \Mhlch
additionally contain a manganese catalyst. The manganese catalyst may, e.g., be

one of the compounds described in “Efficient manganese catalysts for’ Iow- :

" 25 temperature bleaching”, Nature 369, 1994, pp. 637-639.

19) A detergent composition formulated as a nohaqueous detergent liquid

compnsmg a liquid nonionic surfactant such as, e.g., linear alkoxylated pnmary
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alcohol, a builder system le.g. phosphate), enzyme and alkali. The detergent may:
also comprise anionic surfactant and/or a bleach system.

ishwashin 0 "'on » .
A lipolytic enzyme of the invention may suitably be a component of a
5 dishwashing detergent composition. The dishwashing detergent compaosition will -
comprise a surfactant which may be anionic, non-ionic, cationic, amphoteric or
" a mixture of these types. The detergent will contsin 0-90% of non-lonic.
surfactant, such as low- to non-foaming ethoxylated ptopoxylated straight-chain
alcohols.

10 The detergent corposition may contaln detergent builder salts of inorganic and/or
orgamc types. The detergent bu1dets may be subdivided into phcsphotus-
containing and non—phosphoms—contammg types. The detergent composition
_usually contains 1-90% ot detergent builders.

) Examples of phosphoms-contamlng morgamc alltalme detergéﬁt builders, when

15 present, include water-soluble salts, especially alkali metal pytophosphatcs
orthophosphates, polyphosphates, and phosphonates. Examples of non-.
phosphorus-containing inorganic builders, when present, include water-soluble

- nlkali meta) carbonates, borates and silicates as well as the various types. of
water-msoluble crystalline or amorphous alumino silicates of which zeolites gte :

. 20 the best- known tepresentatlves. '

: Examples of suitable organic builders include the alkali metal, ammonium and
substituted ammonium, cltrates, succinstes, malonates, fatty acid sulphonates
carboxymethoxy succmates. " ammonium polyacetates, carboxylates
polycarboxylates, aminopolycarboxylates, poivacetyl carboxylates and polylhy-

‘ 2_5'-dtoxsulphonates.
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. Other suitable organic builders mclude the hngher molecular welght polymers and -
co-polymers known to have builder properties, for. example appropriate polyacrvhc a
acid, polymaleic and polyacrylic/polymaleic acid copolymets and their sa!ts

The dishwashing detergent composition may contain bleachingagéﬁts of the

5 chlorine/bromine-type - or -thé oxygen-type. Examples. of ihorgénic

chlorine/bromine-type bleaches ars lithium, $odium'or calcium hypochlorits and

hypobromite, as well as chlorinated trisodium phosphate. Examples of orgénic . ‘

chlorine/bromine-type bleaches are heterocyclic N-bromo and N-chiloro |mtﬂea .
such as trichloroisocyanuric, tnbromonsocyanunc. dxbromousocyanum and
10 dichloroisocyanuric acsds, and salts thereof with water-solubnllzmg cations sud\

as potassium and sodium. Hydamom compounds are also suntable.

The oxygen bleaches are preferred, for example in the form of an morgimc o
petsalt, preferably with a bleach Precursor or as a peroxy acid compound. Typ‘ical
examples of suitable peroxy bleach compounds are alkali metal perborates, both

15 tetrahydrates and monohydrates, alkali metal percarbonates, persiln:ates nnd
perphosphates. Preferred activator materials are TAED and glycerol triacetata

The dishwashing detergent composmon of the invention may be stabilized usmg

conventional stabilizing agents for the enzymels), e.g. a polyol such ‘B8

. e.g.propylene glycol, a sugar or a sugar alcohul, lactic acid, boric acid, or a bpnc
20 acid derivative, e.g. an aromatic borate ester. )

The dishwashing detafgent compos:non may also compnse other enzymes in
pamcular sn amylase, a protease and/or a cellulase.

The &s_hwashing detergent composition of the invention may also contain onher

conventional detergent ingredients, e.g. deflocculant material, filler material, fpam
25 dépressors, anti-corrosion agents, soil-suspending agents, sequestering ageints,

anti-soil redeposition agents, dehydrating agents, dyes, bactericides, ﬂuores&ers,

thickeners and perfumes. -
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Below, speciﬁcalfy preferred diswashing compositions are exemplified:

1) POWDER AUTOMATIC DISHWASHING COMPOSITION

| ﬁonionic surfactant 04 - -25% » J
I Sodium metasilicate 0 - 20% . l
5 | Sodium disilicate _ s -20% |
Sodium triphosphate 20 - 40% 4
Sodium carbonate 0 -20%
Sodium pcrbonté 2 - 9%
Tetraacety) ethylene diamine (TAED) 1 - 4%
. ‘IOA Sodium sulphate 5 - 33% :
| i?nzymes 0.0001 - 0.1% j

2) POWbER AUTOMATIC DISHWASHING COMPOSITION

Nonionic surfactant 1 - 2%
{e.g. aicohol ethoxylate) : :
15 | Sodium disilicate 2  -30%
Sodium carbonate 10 -50%
| Sodium phosphonate 0 - 5%
- Frisodium citrate dihydrate 9 -30%
Nitrlotrisodium acetate (NTA) 0 -20%
20 Sodiun;a perborate monohydrate ' ) 5 - 10%
Tetraacetyi ethylene diamine (TAED) 1 - 2%
Polyacrylate polymer
{e.g. maleic acid/acrylic acid copolymer) 6 - 25%
Enzymes ' 0.0001 - 0.1%
26 | Perfume 0.1 - 05%
'Water 5 -10
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3) POWDER AUTOMATIC DISHWASHING COMPOSITION

Nonionic surfactant | 1 o5 -20% |
Sodium disilicate {25 -a0% . |
Sodium citrate B 30 -s55% |-
5 | Sodium carbonate 0 -29%
Sodium bicarbonate 0 -20%
Sodium perborate monohydrate "0 -15% ‘
Tetraacetyl ethylene diamine (TAED) o] - 6% ‘
‘Maleic acid/acrylic 0 - 5% |
10 } acid copolymer .
fcey ' | 1 - 3%
| Polyamino acids : 0 -20%
Sodium polyacryiate (o) - 8%
|Enzymes 0.0001 - 0.1%
15 4) POWDER AUTOMATIC DISHWASHING COMPOSITION
| Nonionic surfactant , -1 - 2% . : l
Zeolite MAP | 15 -42% o q
Sodium disilicate - - : ) 30 -34%- . |- ®
Sodium citrate ' ] 0 -12% I 4
20 | Sodium carbonate o 0 -20% .
| Sodium perborate monohydrate 7 -15% J :
: l Tetraacetyl ethylene -
diamine (TAED) 0 - 3%
| Polymer 0 - 4%
25 | Maleic acid/acrylic scid copolymer o - 5%
Organic phosphonate 0 - 4%
Clay B 1 - 2%
Enzymes - 0.0001 - 0.1%
rSod'mm sulphate ’ Balance . . - j
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5) POWDER AUTOMATIC DISHWASHING COMPOSITION
Nonionic surfactant 1 - 7% |
Sodium disilicate 18 - 30%
“Trisodium citrate 10 - 24%
5 | Sodium carbonate 12 - 20%
Monopersulphate (2 KHSO4.KHSO,.K,S0,) 15 -21%
s Bleach stabilizer S 0.1 - 2%
. -} maleic acid/acrylic acid copolymer 0 - 6%
" Diethylene triamine pentaacetate,
10 | pentasodium sah 0 - 2.5%

Enzymes

0.0001 - 0.1%

Sodiuni sulphate, water

Balance

6) POWDER AND LIQUID DISHWASHING COMPOSITION WITH CLEANING

SURFACTANT SYSTEM
15| Nonionic surfactant 0 -15% ] :
Octadecyl dimethylamine N-oxide dihydrate o '
% : 0 - 5%
80:20 wt.C18/C16 blend of octadecyl
dimethylamine N-oxide dihydrate and
o hexadecyldimethyl.amine N-oxide dihydrate 0 - 4%
20 § 70:30 wt.C18/C16 blend of octadacyl bis
: {hydroxyethyl)amine N-oxide anhydrous and
hexadecyl bis o) - 5%
{hydroxyethyl)amine N-oxide anhydrous
C,5-C,s alkyl sthoxysulfate with an aversge
25.] degree of ethoxylation of 3 o - 10%
C,-Cys alkyl ethoxysulfate with an average
degree of ethoxylation of 3 ' ' 0 - 5%
C,4-C,5 ethoxylated alcoho! with an average
degree of ethoxylation of 12 (4] - 5%
SUBSTITUTE SHEET
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A blend of C,,-C,, sthoxylated alcohols with
an average degree of ethoxylation of 9 0 - 6.5%
A biend of C,,-C.. ethoxylated alcohols with
an average degree of ethoxylation of 30 1 O - 4%
Sodium disilicate 0 - 33%
Sodium tripolyphosphate 0] - 46%
Sodium citrate 0 -28% - 4 .

rcm:'acu ‘ 0 -29% |

| Sodium carbonaste 0O '-20% ..
Sodium perborate monochydrate o] -11.5%

‘] Tetraacety) ethylene diamine (TAED) 0 - 4%
Maleic acid/acrylic acid copolymer o - 72.5%
Sodium sulphate : 0 -12.5% |
Enzymes 0.0001 - 0.1% |

15 7) NON-AQUEOUS LIQUID AUTOMATIC DISHWASHING COMPOSITION

25

Liquid nonionic surfactant {e.g. . alcohol
ethoxylates)

20 -10.0%

Alkal metal silicate

3.0 -15.0%

"Alkali metal phosphate

20.0 -40.0%

Liquid carrier selected from higher
glycols, potyglycols, polyoxides, glycolethers

Stabilizer (e.g. a partinl ester of phosphonc
acid and 8 C,;-C,, alkanol) 4

Foam suppressor (e.g. silicone)

Enzymes

25.0 - 45.0%
0.5 - 7.0%
o) - 1.5%
' 0.0001 - 0.1%
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§) NON-AQUEOUS LIQUID DISHWASHING COMPOSITION

Liquid nonionic surfactant {e.g. alcohol :
ethoxylates) 20 -10.0%

Sodium silicats 30 - 15.0%
5 | Alkali metal carbonate : 7.0 -20.0%
Sodium citrate . 0.0 - 1.5%

. Stabnﬁzmg system le.g. mixtures of finely
divided silicone and low molecular weight _
dialkyt polyglycol ethers} 0.5 - 7.0%

10 | Low molecule weight polyacrylate polymer
: : 5.0 -150%

Clay gel thickener (e.g. bentonite) 0.0 -10.0%

Hydroxypropy! cellulose polymer: 0.0 - 0.6%

Enzymes 3 0.0001 - 0.1%

Liquid carrier selected from higher lycols, ]
15 | polyglycols, polyoxides and glycol ethers Balance

. 9) THIXOTROPIC LIQUID AUTOMATIC I?ISHW_ASHlNG COMPQSI'HON

C“'C,‘ fﬂtty ‘cid . ’ ; o - os*
1.

Block co-polymer surfactant 5 -15.0%

-12%
- 15%

Sodium citrate

20| sodium tripotyphosphate
Sodium carbonate

- 0.1%

(o]

o)

0

Aluminium tristearate 0
Sodium cumene sulphonate e 0 - 1.7%

1.

2.

0

0

0

Polyacrylate thickener
- 25 | Sodium polyacrylate
I Boric acid

' | 1 132 - 2.5%
ur : _ 4 - 6.0%
um - 0.45%
; ‘ : - 0.2%
l Sodium n-decydiphenyi oxide disulphonate '
o .

Sodium formate
Calcium formate
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Monoethano! amine (MEA)} ' - o] - 1.86%
Sodium hydtoxidé {50%) 19 -9.3%
1,2-Propanediol 0 - 9.4%
Enzymes 0.0001 - 0.1% -

5 | Suds .suppfessor, dye, poi’fumes; water

" Balance

10) LIQUID AUTOMATIC DISHWASHING COMPOSITION

Alcohol ethoxylate 0 - 20%
Fatty acid ester sulphonate 0 - .30%
Sodium dodecyl sulphate 0 -20%
10 | Alkyl polyglycoside 0o -21%
Oleic acid . , o - 10%

l Sodium disilicate monohydrate 18 - 33%
Sodium citrate dihydrste . 18 -33%
Sodium stearate 0 - 25%

15 Sodium perborate monohydrate. o - 13%
| Terancetyl ethyiene diamine (TAED) - 0O - 8%.
| Maleic acid/acrylic acid copolymer : 4 - 8%
Enzymes ' ‘ ' 0.0001 - 0.1%

thl) LIOUID AUTOMATIC DlSHWASHING COMPOSITION CONTAINING
20 PROTECTED BLEACH PARTICLES

I Sodium silicate 5 - 10%
Tetrapotassium pyrophosphate 15 . -25%
Sodium triphosphate 0 - 2%
Potassium carbonsate 4 - 8%
25 | Protected bleach particles, e.g. chiorine
- ) : ) 5 - 10%
Polymeric thickener 0.7 - 1.5% . i
' SUBSTITUTE SHEET
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Potassium hydroxide . 0 - 2%
Enzymes : 0.0001 - 0.1% .
Water Balance

11) Automatic dishwashing compositions as described in 1), 2}, 3), 4), 6) and
5 10), wherein perborate is replaced by percarbonate.

12) Automatic dishwashing compositions as described in 1) - 6) which

additionally contain a manganese catalyst. The manganese catalyst may, e.g., bo

one of the compounds described in *Efficient manganese catalysts for low-

temperature bleaching”, Nature e 369, 1994, pp. 637-639.

10 Furthermore, the first wash lipolytic enzyme of the invention may be used'in
softening compositions: '

The lipolytic enzyme of the invention may ba used in fabric softeners, e.g. es de- ‘
‘'scribed in Surfactant and Consumer Products, Ed. by J. Falbe, 1987, pp 295-
296; Tenside Surfactants Detergents, m (1993), 6, pp 394-399; JAOCS, Vol.

15 §1 (1984), 2, pp 367-376; EP . 517 762; EP 123 400; WO 92/19714; WO‘
93[1 9147; US 5,082,578; EP 494 769; EP 544 493; EP 543 562; - us.
5,235,082; EP 568 297; EP 570 237.

The lipolytic enzyme of the invention may be incorporated in. concentrati’bns. .
conventionally employed in detergents. it is at present contomplated that a
20 lipolytic enzyme of the invention may be incorporated in a detergent eomposmon
of the invention in an amountconaspondingto 0.00001-1 mg (calculated as pure
. enzyme protein) of fipolytic enzyme per liter of washing liquor.

It is contemplated that the lipolytic enzyme of the present invention may also be

" usetul in, for example, in the baking industy, 8s a catalyst in orgmoc synﬂ\esos

25 {e.g. esterification, transesterification or ester hydrolysis reactions), in the
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papermaking industry le.g. for pitch removal), and in the leather, wool and reléted _
_industries (e.g. for degreasing of animal hides, sheepskin or wool). and for other
applicauons mvolvmg degteasmgldefamng

-~ The invention is described in further detail in the following eXampl@s which are

5 not in any way intended to limit the scope of the invention as claimed.

MATERIALS AND METHODS

Donor organism: mRNA was isolated from Humicole insolens DSM 1800 grown. .

in a maize grits- containing fermahtation medium with agitation to enéue ’

sufficient aeration. Mycslia were harvested after 3-5 days’ growth, lmmedldtnly
10 frozen in liquid nitrogen and stored at -80°C.

Yeast strains: The Sacchammybes cerevisiae strain used was YNG231 (MAT
alpha. leu2, ura3-52, his4-539, pep4-deha 1, cir+) or JG169 (MATa; ura $52; '
- leu 2-3, 112; his 3-D200; pep 4-1137; prc1::HIS3; prb1:: LEU2; dr'ﬂ.

. Plasmids: The expression plasmid pYES 2.0 (from Invitrogen) -was omplom A

15 The Aspe@ﬂlus expfessién vector. pHD414 was emp!oyed bHD4l'4 iis a
- derivative of the plasmid p775 {described in EP O 238 023). The construction of
pHD41 4 is further described in WO 93/11249.

 Extraction of total RNA was performed with guanidinium thiocyanate followed by
 ultracentrifugation through a 5.7 M CsCl cushion, and isolation of poly(A)* RNA
20 was camied out by oligoldT)-cellulose affinity chromatography using: the

procedures described in WO 94/14953. '

cDNA #ymhesis and modification: Doubl&évanded cDNA was synthesized trom
' 'S wp of poly(A)* RNA by the RNass H method (Gubler & Hoffman 1983,
Sambrook et al., 1989) using the hair-pin modification. The procedure is further
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descnbed in WO 95/02043. After having been treated with mung bean nuclease
(Bethesda Research Laboratones) the ds cDNA was made blunt-ended with T4
DNA polymerase {invitrogen) and the cDNA was ligated to non-palmdtomcastx

| adeptors (1 pg/u, lnvnrogen) in accordance with the manufacturers instructions.

5 Construction of cDNA Iibranes The adapted, ds cDNA was recovered by
- centrifugation, washed in 70% ethanol and resus;aended in 25 mi H,0. Prior to
i‘ large-scale library tigation, four test hgauons were carried out, each using 14 ¢s
cDNA (reaction tubes #1 - #3), 2 units of T4 ligase {Invitrogen) and 50 ng (tube
81). 100 ng (tube #2) and 200 ng (tubes #3 and #4) Bst X! cleaved yeast .
10 expression vector pYES 2.0 {Invitrogen) in 8 total volume of 10 .

Using the optimal conditions 8 large-scale ligation was sét up in 40 4 of ﬁgatibn

“buffer. One p aliquots were wansformed into electrocompetant E. coh 1061 cells,

and the transformed cells were titered and the library plated on LB + ammclllm

plates with 5000-7000 colony-forming units (c.f.u.)/plate. To each piste was
15 added 3 ml of medium. The bacteria were scraped off, 1 ml glycerol was added
P and stored at -80°C as pools. The remaining 2 ml were used for DNA lsolauon :
i For further details reference is mede to WO 94/14953.

Constmcuon of yeast libraries: To ensure that all the bacterial clom were tested
in yeast, 8 number of yeast transformants 5 times larger than the number of
20 bacterial clones in the _ongmal pools was set as the limit.

~One i aliquots of purified plasmid DNA {100 ng/jd) from individual pools were
elemporated (200 O, 1.5 kV, 25 uF} into 40 ;1 competent S. cerevisiae JG 169
cells (OD600 = 1.5in 500 mi YPD, washed twice in cold de-ionized water, Once
in cold 1 M sorbitol, resuspended in 0.5 mi T M sorbitol (Becker &Guafdnu.

25 1991). After addition of 1 ml 1M cold sorbrtol 80 s aliquots were plated onISC-
URA + glucose to give 250-400 c.f.u. Iplate and incubated at 30°C for 3-S days.
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ldqmiﬂc#tion of positive colonies: After 3-5 days of growﬁx_, fhé aga} -;;Iﬁteé wf«}nre
replica plated onto SC-olive oil/brilliant green piatos and then incubated for 2-4
days at 30°C for detection of lipolytic activity. SC-URA-olive oil/brilliant gfeen
~pI;tes, which are SC-URA + 2% glucose + 0.6% olive oil + 1% Brilliant Green
5 solution + 0.036% polyviny! alcohol (MW 70, 000-100 000 Sigma P-1763 -

uracil. After mcubatlon lipolytic enzyme-posmve colomes were identified as white
colonies with a green halo around. ’

Colls from enzyme-positive colonies were spread for single colony isolation on
agar, and an enzyme-producing single colony was selected for each of the_
10 lipolytic enzyme-producing colonies identified. '

'Characterization of positive clones: The positive clones were obtained as single
colonies, the cDNA inserts were amplified directly from the yeast colony usmg
bvonnylatad polylinker primers, purified by magnetic beads {Dynabead M-ZBO i
Dynal) system and characterized individually by sequencing the 5°-end of each

15 ¢cDNA clone using the chain-termination method (Sanger et al., 1977) and the
Sequenase system {United States Blochemncal)

isolation of a: cDNA gene for oxpmssion’ln Aspergillus: _
- . One or more lipolytic enzyme-producing yeast colonies were inoculated into 20
~ m! YPD broth in a 50 mi glass test tube. The tube was shaken for 2 days at
~'20°'30°C. The cells were harvested by centrifugation for 10 min. at 3000 rpm. -

DNA was isolated according to WO 94/14953 and was dissolved in 50 4 water.

The DNA was transformed into £. coli as described in WO 94/14953. Plasmid

DNA was isolated from 'E cofi using standard procedures, and analyzed by

restriction- enzyme analysis. The cDNA insert was excised using appropliate
25 restriction enzymes and lxgated into an Aspergiuus expression vector.
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Tnnsfomatmn of Aspergﬂus oryzae or Asperyﬁ:: niger:
Protoplasts may be prepared as described in WO 95/02043, p. 16, lme 21- - page
17, line 12.

100 w1 of protoplast suspension is mixed with 5-25 pg of the appropriate DNA
5 in 10 1 of STC (1.2 M sorbitol, 10 mM Tris-HCH, pH 7.5, 10 mM CaCl)
) Protoplasts are mixed with p3SR2 (an A. nidulens amd$S gene carrying plasmad)
% The mixture is left at room temperature for 25 minutes. 0.2 mi of 60% PEG 4000
(BDH 29576), 10mM CaCl and 10 mM Tris-HC!, pH 7.5,is added and carefully
mixed (twice), and fmally 0 85 mi of the same solution is added and carefully
10 mixed. The mlxture is left at room temperature for 25 minutes, spun at 2500 ]
for 15 minutes and the pelletis resuspendedin 2 ml of 1.2 M sorbitol. After ome
more sedimentation the protoplasts are spread on mlmmal plates [Cove, &QS!E_'JL
‘Biophys. &ta 113 (1966) 51-56] containing 1.0 M sucrose, pH 7.0, 10 mM
acetamide 8s nitrogen source and 20 mM CsCl 1o inhibit background growih
15 After incubation for 4-7 days at 37°C spores are pncked and spread for single
colonies. This procedure is repeated and spores of a single colony after the
J second reisolation is stored es a defined tfansformnnt. '

Test of A. oryzae transformants:

Each of the transformants were inoculated in 10 m! YPM and propagated. Aﬁer -
20 2-5 days of incubation at 30°C, 10 mi supernatant was removed. The lipolytic

activity was identified by app!ymg oM supematam to 4 mm diameter holes

punched out in agar plates containing 0.1 M Tris pH 9, 0.1 M CaCl,, 1% Triton

X—100 0.5% olive oil. Lipolytic activity is indicated by the formation of a turbid

halo.

25 Hybridization conditions (to be used in evaiuaﬁng property ii} of the DNA -
construct of the invention): ' A o
Suitable conditions for determining hybridization betwaen an ohgonudecnde
probe and an "analogous” DNA sequence mvolve presoaking of the filter
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containing the DNA sequences to hybridiz;:.in 5xSSC, and prehybridizing the
sequences for 1 h at ~50°C in a solution of 5xSSC, S5xDenhardt’s solution, 50
mM sodium phosphaste, pH 6.8, and 50 ug of denatured sonicated calf thymus
DNA, followed by hybridization in the same solution supplemented with 50 uCi

| 5 32p.dCTP labelled probe for 18 h st ~50°C follvowed by washing fhree times in
2xSSC, 0.2% sodium dodecyl sulfate (SDS) at 50°C for 30 minutes.

. A suitable oligonucleotide probe to be used in the hybridization may be prepared ' ‘
on the basis of the DNA sequence shown in SEQ ID No. 1 or a sunable ‘
subsequence of said sequence (e.g. a 20. nucleotide fragment thetabﬂ B

10 Alternatively, a suitable olngonucleohde probe may be prepared on the basis of
the amino acid sequence shown in SEQ ID No. 2.

Immunologieal ctosamcnvity Antlbodnes to be used in determining
. mmunologlcal cross-reacuvnty may be prepared by use of a purified lipolvnc :
enzyme. More specifically, antiserum against the enzyme of the invention may
15 be rased by i lmmumzmg rabbits {or other rodents) accmdmg to.the procedure
' descnbod by N. Axelsen et ‘al, in: A anual _of Quagmgm .
I_mmmm_m Blackwell Scientific Publications, 1973, Chapter 23, or _
A. Johnstone and R. Thorpe, lm_mnggmm_ig_mm;. Blackwell Scknﬁﬁc ) .'
_ Publications, 1982 (more specifically pp. 27-31). Purified immunoglobulins may: )
20 be obtained from the antisera, for example by sait precupmlt:on [(NH.),SOJ
fonowed by dialysns and ionexchange chromatography, e.g. on DEA.E—Sephadax‘
Immunochemical charactenzatton of proteins may be dons either by Outcheribny
double-diffusion analysis (0. Ouchtertony in: Handbook of Experimantal
unology (D.M. Weir, Ed.), Blackwell Scientific Publications, 1967, pp. 656
25 708), by crossed immunoelectrophoresis (N. Axelsen et gl,, supra, Chapters 3
and 4), or by rocket immunoeleciropho.resis (N. Axelsen et al,, supra, Chapter 2).

YPD: 10 g yeast extract, 20 g peptone, H,O to 900 mi. Autoclaved, 100 m! 20%
glucose (sterile filtered) added.
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YPM: 10 g yeast extract, 20 g peptone, H,0 to 900 mi. Autoclaved, 100 mi.
20% maltodextrin (sterile fittered) added. o ’ '

10 x Basal salt: 66.8 g yeast nitrogen base, 100 g succinic acid, 60 g NaOH,
H,0 ad 1000 mi, sterile filtered. '

5 SC-URA: 90 m! 10 x Basal salt, 22.5 ml 20% casamino sacids, 9 mi 1%

tryptophan, H,0 ad 806 mi, autoclaved, 3.6 ml 5% threonine and 90 m! 20%
glui:ose or 20% galactose added.

SC-URA agar: SC-URA, 20 g/l agar added.

Olive Oil: Sigma 0-1500.

30 Brilliant Green solution: 4 mp/l of Brilliant Green (Sigma B-6756) in water.

EXAMPLE 1

An E. coff library from H. insolens DSM 1800 consisting of approx. } 0® individun! -

clones in 50 pools was constructed.

DNA was isolated from 20 mdmdual clones from the library and subjected to

15 analysis for cDNA insertion. The insertion frequency was found to be >50% amd
- the average insert size was approximately 1 400bp. DNA ftom some of the pools
" was transformed into yeast, and 50-100 plates containing 200-500 yeast
. colonies were obtained from each pool. '

Morke than 70 positive colonies were identified and nsolated on agar platos.cDNA

20 inserts were amplified directly from the yeast colony and charactenzed 1as

described in the Materials and Methods section above. The cONA sequenoe
encodmg the lipolytic enzyme is shown in SEQ ID No. 1.
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| Subseqﬁenﬂy,{ﬂm; t-:DNA- encoding ih; llpolyuc enzyme ﬁ::ls lsolated f;or

expressibn in Aspergillus as described above and transforrhed into E. coli u§§n9

“standard procedures. Two £. coli colonieé were isolated from each of the

transformations and analysed with the restriction enzymes Hindlll and Xbal which

5 excised the DNA insert. DNA from one of these clones was retransformed into
yeast strain JG169.

EXAMPLE 2

In order to express the gene in Aspergillus, cDNA is isolated and digested with
Hindlli/Xbal, subjected to size fractionation on a gel and purification, and '

10 subsequently ligated to pHD414, resulting in the plasmid pA2L79. After
amplification in E. cofi, the plasmid is transformed into A. oryzae or A. nber
accordmg to the general procedure described above.

Test of A. oryzse wansformants
Each of the transfonnanu was tested for lipolytic activity as described abdve
. 15 Some of the transformants had lipolytic activity which was significantly hlgher
- than the Aspergillus oryzee backgtound Thns demonstrates effi clent expres#ion -
of lipolytic enzyme in Aspergillus oryzse. " A : .

The transformant with highest lipolytic activity was selected and inoculated lh 8
500 mi shake ﬂask with YPM medium. After 3-5 days of fermentation with

: 20 sufficient agitation to ensure good aeration, the culture broths were cemnfuged )
for 10 minutes at 2000 g, and the supernatant was recovered and analyzed,

The lnpolyuc activity in the supemnatants was identified as described above.

" Batch fermentation was performed in a medium comprising maitose syrup as &
25 carbon source, urea as a nitogen source and yeast extract. The batch
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fermenumon was performed by innoculating a shake flask culture of A. oryzae
host cells in question into a medium comprising 3.0% ot the carbon source anp
0.4% of the nitrogen source. After 24 hours of cultivation at pH 7. 0 and 34°C
the fermentauon was terminated, after which the enzymes could be recovered

5 bv centnfugatton. ultrafiltration, clear filtration and germ filtration.
EXAMPLE 3
* Purification and characterization of a H. insolens Bpolytic enzyme -

The batch fermentation supernatant was centrifuged and the precipiuite-
containing cell debris discarded. The supernatant was ad;uswed with sqhd
10 ammonium sulphate to 60% saturation and allowed to stand overmght.'
Preapmne containing cutinase activity was separated by cemnfugauon
Ammomum sulphate precipitate was dissolved in water and adjusted to pHE inth
dilute acetic acid. The sample containing lipolytic activity was passed |on-
Bacitracin agarose column to get rid of alkaline protease activity present in: ‘A
‘15 oryzae. Lspolytlc activity which does not bind to Bacitracin agarose wascollected

4 =

The pool contammg activity was adjusted to ‘pH 5.8 and ionic strength was

adjusted to 2 Milli Siemens. The sample was applied on a cation exchanger | SP-

Sepharose™ high-performance Pharmacia™ column which was equilibrated \gnth
20 25 mM sodium acetate buffer, pH 5.8. '

_ The bound activity was eluted with linear salt gradlent using the same bufter.
The mmf_!v_e_lgm of the purified protem was determined using SDS-PAGE

PHAST 8-25% gradientgels (PHAST system™, ‘Pharmacia). The molecular weaght
was estimated to 20-21 kD.
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The isoelectric point of the protein was determined using Ampholine™ PAGE
plates, pH 3.5-9.5 (Pharmacia LKB) in accordance with the manufacturer’'s
instructions. pl was found to be 8.

.The lipolytic enzyme was found to be inhibited by phenyl methyl sulphonyl
5 fluoride, suggesting a solvent-accessuble active site and thus esterase activity.

p i for li - i ifi . { the lipolytic
Lipase activity was determined usmg a substrate prepared by emulstfylng glycerol .
tributyrate (MERCK) using gum arabic as emulsifier.

Lipase activity was assayed at pH 7 using a pH-stat method (éknploying a
10 Radiometer VTT Titrator Tm). One unit of lipase activity (LU) is defined as the
amount needed to liberate one micromole of fatty acid per minute.

Specific activity at pH 7 was determined to be at least about 1 200 LU/mg.

Mlg_s_mﬁ_m' To compare the lipolytic acnvrty of the H. insolens llpolync
enzyme of the invention (having the amino acid sequence shown in SEQ ID No .

15 2) towards a long-cham substrate (ofive oil) and a short-chain substratc (glycerol ‘
tnbutyfatel,two assaysmcamad outastpH 9: . .
1) Sngma olive oil substrate assay usmg Sigma lipase substrate emulsion {Sigma V

~ catalogue No. 800-1), and

2) an assay with tnbutynn (glycerol tributyrate) as substrats, usmg gum arabxc

20 as emulsifier. Both the assays were carried out using a pH-stat method. at pH: 9.
At pH 9, the activity of the lipolytic enzyme was around 500 Sigma llpase
unitIODZBO and around 1500 LU/OD280 in assays 1 and 2, respecuvuiy,
suggesting that the lipolytic enzyme has better activity against short chain '
substrates such as tributyrin.

25 pH optimum of the H. insolens lipolytic enzyme
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The lipotytic activity of the enzyme at different pH values was investigated with

glycerol tributvrata as substrate and gum arabic as emulsifier, using the pH-stat

method. The actlvny of the enzyme as a function of pH (pH 6, 7, 8, 9, 10,

respectively) is shown in Fig. 1. The pH optimum appears to be about 8, with &
5 high percentage of the maximum activity still being retained at pH 10.

N- inpl s

The H. insolens DSM 1800 lipolytic enzyme of the invention was finally purified

using reversed phase HPLC. The N-terminal amino acid séquence of the enzyme

was determined for 27 residues using an Applied Biosystems sequenéer. The
10 resulting sequence is shown in SEQ ID No. 3, in which Xaa desognates an

unassigned residue that almost certainly is a cysteine resldue. In position 12
both Gly and Ala were found in equal amounts.

‘EXAMPLE 4

Performance of the H. insofens DSM 1800 lipolytic enzyme of of the invention
15 in an assay for assessing "First Wash" lipolytic effect -

The texnlenaundry washing pefformance of the lipolytic enzyme of the mvontion
was tested ina one-cyclo washing trial carried out in 2 thetmostatted Terg-O-
Tometer (TOM) foliowed by line-drying.

The experimental conditions were as follows:
20 Washing liquor: 1000 mi per beaker
Swatcheé: 7 cotton swatches (9 x 9 cm) per beaker.

Stain: Lard coloured with Sudan Red (Sigma) {0.75 mg Sudan Red/g of lard) S0
JA of eolomed jard heated to 70°C was appﬁed to the centre-of each swatch. The
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swatches were then heated in an oven f&( 25 minutes at 75°C and stored
overnight at room temperatura prior 1o the first wash.

Water hardniess: 3.2 mM Ca?*/Mg?* (in a ratio of 5:1)

Detergent: 5 g/l of a standard commercial European compact powder detergent
5 (Anel‘ Futur) No pH- adjustment.

Concentration of lipolytic enzyme: O LU/ (control) and 12500 LUA - .‘
Wash Time: 20 minutes .
. Wash temperature: 30°C
Rinse: 15 minutes in running tap water
10 Drying: Ovemight at room temperature (appiox. 20°C, 30-4_0% RH).

* Evaluation: After washinﬁ, rinsing and drying the swatches, re'siduali fatty matter
was axtractéd with petroleum ether in a Soxhlet extraction appearatus. The .
solvemt was distilled off and the amoum of resrdual fatty material extracted from ’
the swatches was determined by wetghmg.

15 Results. relative to the amount of resudual fatty matenal in swatches washed in’

the enzyme-free washing bquof, washing of swatches in the enzynn-contmmng
~washing Equor resulted in removal-of 16% of the fatty material.

itis apparent from thess results that the lipolytic enzyme in question (a Iipo!yuc
enzyms of the mvennon) is capable of excellent "first-wash" removal of ﬁpid in
20 textile washing.
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EXAMPLE 5
Substrate affinity of the H. insolens DSM 1800 lipolybc anzyme of the invention

The following procedure is desngned to assess the ability of a lipolyt\c enzyme 1o
accumulate on/in a lipid substrate phase (in this case olive oil) whichis in contact -

5 with a buffered, alkaline aqueous phase containing the enzyms, in the pwsanca
of a non-ionic surfactant. In this example the substrate affinity of the abovo- :
mentioned lipolytic enzyme of” the invention was compared with that of the
commercial lipolytic enzyme Lipolase™ {available from Novo Nordlsk AIS
Bags;raerd, Denma_rk). '

10 Procedur .
1. A 5 mi aliquot of buffer solutions (100 mM glycine, pH 9.0) was placed in
“ aach of two identical, sealable, 20 mi vials;

2. The chosen enzyme is added to both vuals to give a concenmmon in the range
of 5-10 LU/m! {same concentration in both vials);

15 3. 5 mi of ofive oil is added to one vual { sample vial), and both vials are shaleen
vigorously and incubated for 24 hours at 4°C; e .
4. residual ipolytic activity (denoted Y below; in LU/ml} in the aqueous phms
in the “sample” [s) vial and the “reference” (r) vial, respectively, is determined.

The ratio Y,JY, gives a measure of the substrate affinity of the enzyma in
20 question. h
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Rgsu s: The results for the hpolyuc enzyme of the invention and for Llpolase
, respectwely, are shown in the following table.

- Enzyme ‘ Y, /Y, x 100 (%)
invention 2
‘Lipolase™ 99

Itis apparent frém the above that ‘th'é enzyme éccording to the invention exhibits
10 very high affinity for olive oil.

EXAMPLE 6

Lipolytic activity of the H. insolens DSM 1800 fipolytic enzyme of the inverition
' in a mixed monolayer containing an aicohol ethoxylats

A mixed monolayer was prepared from a diglyceride (dicaproin) and a mono-

1 5 component alcohol elhoxvlate (heptaethylene glycol monooctadecyl ether) spl'ead A
‘on a aqueous phase (10 mM glycine, pH 10.0, 0.1 mM EDTA; tompefam_
25°C) using a KSV-5000 monolayer apparatus (KSV Instruments, Finland). The -
surface pressure was adjusted to the desired value (in this case 30 mNIm) and
- the chosen enzyme {10 LU) weas mjected mto the aqueous phase.

20 Lipolytic action manifests itself through the speed with which a mobile barrier
compressing the monolayer has to be moved in order to maintain a constant

surface pressure as water-insoluble sqbstrafe molecules are hydrolysed to ine
more watar-;oh.m!e products.
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Using this procedure, a particular lipolytic enzyme is gharacteri_zed bya ﬁarmm

'ﬂ which indicates the final area percentage of substrate remaining unl_\ydroiysed
by the enzyme as lipolytic activity ceeses.

In this example, the H. insolens DSM 1800 enzyme of the im)ention was
5 compared with the commercial enzyme Lipolase™ o ‘

Results: the results are summarized in the table below. _

Enzyme . B (%)
10 Invention 37
. Lipolase™ 57

It is apparent from the latter results that the lipolytic enzyme of the mvenuun
~ performs very wellin lipid hydrolysis in the presence of an alcohol ethoxylate (i.e.
15 a non-ionic surfactant). '
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SEQUENCE LISTING

SEQ ID No. 1

DNA sequence encoding H. insolens fipolytic enzyme

{mature enzyme + signal peptide)

GCCACCACTTACCAACGCAGCTTCCGCAAACAAAGTCGCCAAC
ATGAAGTTCTTCACCACCATCCTCAGCACCGCCAGCCTTGTTGCTGCTCT
CCCCGCCGCTGTTGACTCGAACCATACCCCGGCCGCTCCTGAACTTGTTG
CCCGGCAGCTGGGAGCCATCGAGAACGGCCTTGAGAGCGGCAGCGCCAAC .
GCCTGCCCCGACGCCATCCTGATCTTTGCTCGCGGCTCGACCGAGCCAGG
CAACATGGGCATCACCGTCGGCCCTGCTCTCGCCAACGGCCTTGAGTCCC

_ ACATCCGGAACATCTGGATCCAGGGCGTCGGCGGCCCTTACGACGCCGCG '

15

- 20

| CTGGCCACCAACTTCCTGCCGCGGGGCACCTCGCAGGCCAACATCGACGA ¢

GGGCAAGCGGCT GTTTGCGCTGGCCAACCAAAAGTGCCCCAACACGCCCG
TCGTCGCCGGCGGGTACAGCCAGGGOGCGGCGCTCATCGCTGCCGCCGTC :
AGCGAGCT CAGCGGCGCCGTCAAGGAGCAGGTCAAGGGCGTCGCCCTCTT ,

CGGATACACCCAAAACCTCCAGAACCGTGGCGGCATCGCCAACTACCCGC T
GCGAGCGCACCAAGGTGTTCTGCAACGTI'GGCGACGCCGTCTGCACCGGC Lo

ACGCTCATCATCACCCCGGCGCATCT GTCGTACACGATCGAGGCGCGCGG
TGAGGCCGCGAGGTTCCTGCGGGATCGCATCCGTGCTT ATATGGAATGGG :
TTATCAGAGGGAAAGATGGCT GGATAGGTAACAAAGGATGAGTCCGGGCG
" GGATTGGGTTCAGGAGTTGGGCAGGCGGATTGCT: CGATGGCTGGATGG AT

' GGATGGAAGCCGGGCTGGGACCGGAGGCTGATGACGGTGATGACCTTTW
. CCT CAGTACATAGCATCATGATGTCTCCY GCACATATCTGTTT. ATGAATC

25

GAGTTTTGGTTTGCGGCCG CT GCCTCAGAAAAAAAAAAAAAAAAAAAAAA
. , » . _
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r, e

SEQID No. 2 4 .
Amino acid sequence of H. insolens lipolytic enzyme
{mature enzyme + signal peptide)

- 1 MISTTTILST ASLVAALPAA VDSHETPALP ELVARQLGAY ENCLESCSAN ACYDAILIFA .
€1 RCSTEPQMC ITVCPALANG LESEIRNIWI QGVGGPYDAA LATNPLPRCT SQANIDEGXR
121 LFALANGECP NTPUVAGGYS QGAALIAAAV SELSGAVKEQ VEGVALFGYT QNLOMRGGIA

131 NYPRERTXVF CNVCDAVCTG TLIITPAHLS YTIEARGEAA RFLADRIRAY MEWVIRGKDG
241 WIGNXG® ’
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SEQ ID No. 3

N-terminal amino acid sequence {mature enzyme)

Gln-Leu—GIy-Ala-IIe-Giu-Asn-GIy—Leu-Glu—Ser-GNlN&Set-Na-mA]a.x.a’ Pro-Asp-
AIa-lle-Leu-l'e—Phe-Ala-Arg-Gly- - - .
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INDICATIONS RELATING TOA DDOSITED MICROOR.CA_N)S.}; .
’ (PCT Rule 13bi3)
A. Tbe.indications made below relata to the micoorganiam referred to ia the dexciprien
. onpage = LJlime 30-31 .
B. IDENTIFICATION OF DEPOSTT Funber depasin are ideniified oa a0 2dditona) sheer O

Name of depositnary instimution '
o DEUTSCHE SAMMLUNG VON MIKROORGANISMEN GNp ZELL-
KULTURZEN GmbE -

Address of depesitary institution (iactading pasal code and conntry)

Mascheroder Weg 1b, D-38124 Braunschwei , Feder '
public of Gengny - s e 21 Re-

Dam of deposit . mﬂm
| 1995-05-11 3 0S4 9975

| & ADDITIONAL INDICATIONS flasw blenk i st applicabld  Thia information is costizmed on an sditional sbuet [

In respect of those designations in which a-Buropean
and/or Australian patent 'is sought, during the -
of the patent application a sample of the
deposited microorganism is only to be provided to an
independent expert nominated by the persan requesting
the sample (Rule 28(4) EPC / Regqulation 3.25 of

A' Australia Statucog Rules 1991 No 71).

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (Vha indicasions are met for ofl designated Siuser)

E. SEPARATE FURNISEING OF ENDICATTONS (laswe blonk 7 ast spplicadle) ) .
The ndications eed bal il] be submitted 1 the Internationsl Burcat e (specyy che guneral nocure of theindioaions e g, ‘Accamiet .

o= Fr receiving Office use caly —  For lxematicnl Bumv meenly ———~]
| This sheet was reisived with e intermations] apphieatica Dnhau:mwb,uhm&wwamg _

Autborized office: : Aathorized officer

Fora PCT/RQ/134 (July 1997)
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CLAIMS

1. A DNA construct comprising a DNA sequence encoding an enzyme exhibiting

lipolytic activity, which DNA sequence comprises

a) the DNA sequence shown in SEQ 1D No. 1, and/or the DNA sequence encodihg
5 a lipolytic enzyme, which is obtainable from the plasmid in Saccha(qmyées
‘ ‘ cerevisise DSM 9975, or ‘

b) an analogue of the DNA sequence shown in SEQ ID No. 1, and/or of the DNA
sequence encoding a lipolytic enzyme, which is optainable from the plasmid in
Saccharomyces cerevisiae DSM 9975, which

10 il is homologous with the DNA sequence show.'nAin ‘SEQ ID No. 1 and/or
' the DNA sequence encoding a lipolytic enzyme, which is optaitlable from
the plasmid in Sacchsromyces cerevisiae DSM 9975, and/or

i) hybridizes with the same oligonucieotide probe as the DNA sequence
shown in SEQ ID No. 1, and/or the DNA sequence encoding 8 lipolvbc
'5 % '35 enzyme, which is obtainable from the plasmid in Seccharomycss cerovisiss

DSM 98975, and/or '

" iii) encodes a polypeptide which is homologous with the potybépéﬁde
_encoded by a DNA sequence comprising the DNA saquence shown in SEQ _
~ ID'No. 1 and/or by the DNA sequénce encoding a lipolytic enzyme, which
20 is obtainable from the plasmid in Saccharomyces cerevisise DSM 99_75..
and/or - ‘
iv) encodes a polypeptide which is immunologically reactive wnh an
antibody raised against a purified lipolytic enzyme which is encoded by the

DNA sequencc shown in SEQ ID. No. 1 and/or by the DNA sequénce
235 - encoding a lipolytic enzyme, whachrsobtamableftommeplasm:dm
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Saccharomyces cerevisise DSM 9975, and/or which is derived from
Humicola insolens DSM 1800.

2. The DNA construct according to claim 1, in which the DNA sequence encaoding

. an enzyme exhibitivig ipolytic activity is obtaiﬁable from a microorganism.

5 3. The DNA construct according to claim 2, in which the DNA sequence is
obtainable from a filamentous fungus or a yeast.

4. The DNA construct according to claim 3, in which the DNA sequente is_
" obtainable from a strain of Tbl'slévib, Chaetomiumn, Gelasinospora, Neuraspors, -

. Podospora, Sordaria or Humnicola.’

10 5. The DNA construct according to claim 4, in which the DNA sequence is

obtainable from a strain of C_haétomium or Humicols, in particular a strain of M. -

insolens.

6. Tt;e DNA construct according to claim 5, in which the DNA sequence is .

isolated from or produced on the basaa of a DNA fibrary of M. insolens DSM
15 1800. N

" 7. Arecombinant expression vector comprising a DNA construct according to any

one of claims 1-6.

8. A cell comprising a DNA construct accdi'ding to any of claims 1-6 or a
_ recombinant expression vector according to claim 7.

20 9. A cefl according to claim 8, which is a eukaryonc cell, in particular a fungal
cefl, such as a yeast cell or a filamentous fungal cell.

10. A cell according to cleim 9, wherein the cell belongs to a strain of Aspe&ﬂk:s
or Trichodermma, in bar_ticular a strain of Asbérgﬂlus oryzae or Aquyﬂlus niger.
SUBSTITUTE SHEET
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11.A method of producmg an enzyme exhibiting lipolytic activity, the method - .

compnsmg culturing a cell according to. any one of claims 8-10 under condmons
conducive to the production of the enzyme, and fecovenng the enzyme from the
culture.

5 12. An enzyme exhibiting lipolytic activity, which enzyme
‘ a) is encoded by a8 DNA construct according to any of claims 1-6, and/or

b) is produced by the method according to claim 11, and/or
¢) is immunologically reactwe with an antibody raised agamst a purified lipolyuc
enzyme which is encoded by the DNA sequence shown in SEQ ID No. 1 and/or

10 by the DNA sequence encoding a lipolytic enzyme, which is obtainable from the
plasmid in Saccharomyces cerevisiae DSM 9975, and/or which is denved trom
Hurmicols insolens DSM 1800.
13. Anenzyme bteparaﬁon comprising a lipolytic enzyme a'ccording to claim 1 2.

: l ‘ 14: A detergent additive comprising a lipolytic enzyme according to claim 12

15 15. A detergent composition comprising a lipolytic enzyme agcording to claim f‘l 2.

16. A detergent composition according to claim 195, for laimdry washing.

~“17. A detergent composition according to claim 15, for dishwashing.
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pH of the Incubation media.
Fig.1
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